The EC4 Syllabus for Postgraduate Training is the basis for the European Register of Specialists in Clinical Chemistry and Laboratory Medicine.
• Indicates the level of requirements in postgraduate training to harmonise the postgraduate education in the European Union (EU); • Indicates the level of content of national training programmes to obtain adequate knowledge and experience; • Is approved by all EU societies for clinical chemistry and laboratory medicine.
The syllabus is not primarily meant to be a training guide, but on the basis of the overview given (common minimal programme), national societies should formulate programmes that indicate where knowledge and experience is needed.
The main points of this programme are:
• Knowledge in biochemistry, haematology, immunology, etc.; To prepare the common platforms planned in this directive, the disciplines are divided into four categories:
• General chemistry, encompassing biochemistry, endocrinology, chemical (humoral), immunology, toxicology, and therapeutic drug monitoring; • Haematology, covering cells, transfusion serology, coagulation, and cellular immunology;
Introduction
In modern medicine the undeniable value and indispensability of scientific investigations are now universally recognised both for diagnostic purposes and monitoring of disease and in basic epidemiology. The direct treatment of patients is an undeniable task of doctors in medicine. Progress in laboratory science is largely the result of contributions by scientists (general meaning) with an appropriate education and specialisation in the field, i.e., by specialists in clinical chemistry and laboratory medicine 1) . Clinical laboratory science has developed on a broad front throughout the European Union, resulting in significant differences in what constitutes a national clinical laboratory service in each state. Clinical chemistry is the medical discipline devoted to obtaining, exploring and employing biological knowledge and methods of investigation to obtain knowledge about normal and abnormal biological processes in man. These processes are studied on a general level to obtain an insight into human health and disease, and on a patient-specific level for diagnostic or monitoring purposes. The delineation of clinical chemistry varies from country to country, since there is no sharp boundary to biochemistry, haematology, immunology, microbiology, genetics and the biology of reproductive medicine.
One of the main tasks of the clinical chemist 1) is the direction and supervision of a laboratory department in a hospital or health service (public or private), where his or her role involves bridging the gap between rapidly developing laboratory science and technology and growing knowledge on the characteristics of disease. He or she must possess fundamental biological knowledge and have the ability to use this knowledge most appropriately as applied to clinical requirements, i.e., diagnosis of disease, and planning and monitoring of therapy. Apart from providing a competent laboratory service, the clinical chemist 1) must be able to function as a consultant to his or her clinical colleagues and liaise with them in the interpretation of laboratory results. His or her advice and professional consultations have at least three aspects: choosing the most appropriate laboratory investigation in a particular case; ensuring that analyses are performed in the best possible way and correctly reported to provide information; and, most importantly, interpretation of the significance and consequences of the laboratory data obtained (clinical authorisation).
As the results of laboratory investigations and consultations of the clinical chemist 1) have a direct and important influence on treatment of the patient, it is to the benefit of the public that the profession of the clinical chemist 1) is duly regulated.
Clinical Chemistry and Laboratory Medicine Definition
Clinical Chemistry and Laboratory Medicine is a scientific discipline within medicine. It includes the analysis of body fluids, cells and tissues, and interpretation of the results in relation to health and disease.
The exact content of the specialty of clinical chemistry varies considerably from country to country and a modular approach appears essential for suitable integration into the national contexts.
The discipline encompasses fundamental and applied research into the biological and physiological processes of human and animal life, and application of the resulting knowledge and understanding to the diagnosis, treatment and prevention of disease.
Syllabus
This syllabus provides a short description of the profession of clinical chemistry. The name clinical chemist 1) is used throughout, although it is realised that different names exist in different countries to describe the profession according to the definitions of the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC).
The scope of clinical chemistry is not solely confined to laboratory activities as such, but in daily practice is strongly interrelated with patient care and treatment. Moreover, medical laboratory activities are not purely of a chemical nature, but also involve the practice and study of biochemistry and molecular biology, haematology, immunology, microbiology (bacteriology and virology), parasitology (including mycology), genetics and the biology of reproductive medicine.
This syllabus does not consider the different structures of medical laboratories as developed in their national environments. It is meant to describe the minimum scientific content for professional knowledge and training, appreciating the national authority and responsibility of each member state to organise laboratory medicine within in its own national healthcare system. Although significant differences exist in the development of clinical chemistry throughout the European Union, in all cases there are some core elements. As well as these core elements, knowledge of biochemistry, haematology, microbiology, parasitology and immunology, genetics and the biology of reproduc-tive medicine are necessary in the training of clinical chemists 1) . Detailed knowledge on the application of chemistry and molecular biology in diagnostic medicine, monitoring of therapy and in pathophysiology is indispensable. Although cytology and medical microbiology are sometimes considered as distinct specialities in laboratory medicine, many mutual interfaces in the investigation of biological samples at the molecular biology level require general knowledge of infectious diseases and medical microbiology, even in the practice of clinical chemistry and immunochemistry. This is even more the case for haematology and immunohaematology; laboratory investigations in haematology are rapidly developing towards molecular biology and instrumental analysis, which are both based on detailed knowledge of basic chemistry and chemical techniques.
There are important physiological, analytical and technical developments in cellular and molecular biology that demonstrate the importance of scientific investigations in the understanding of disease processes, and consequently in the diagnosis and monitoring of disease. Obviously techniques and technology will change, but basic biological and scientific principles will not, and research and development at the scientific level are indispensable for good clinical chemistry.
Quality assurance
Safeguarding and protecting the public against misuse of medical laboratory investigations are important features of good laboratory practice and reliable laboratory diagnostics. Appropriate laboratory management and scientifically based quality assurance procedures must be incorporated into the production and management of data in medical laboratories. These elements of good laboratory practice appear to be increasingly important with the growing possibility of laboratory investigations in medical laboratory sciences.
The clinical chemist 1)
Training as a clinical chemist 1) must involve dedicated post-graduate study of at least 4 years, following a comprehensive and appropriate university education of at least 5 years.
Clinical chemists 1) and specialist medical consultants operate at the same professional level and must use their complementary knowledge to the benefit of the patients and institutions they serve. The complexity and scope of currently obtainable laboratory information inevitably requires professional interpretation of the data obtained.
This interpretation is an essential task of the clinical chemist 1) , for which he should be trained appropriately.
The principal subject of the undergraduate education will usually be chemistry/biochemistry or medicine or pharmacy, but the specific subjects acceptable in a particular member state will vary across the European Union. Post-graduate study should provide an in-depth knowledge of the biology of disease and the procedures and analytical techniques used in a medical laboratory. It is important that there should be a commitment to research and development, which will often be in association with clinical colleagues. The objective is to produce a person competent in laboratory procedures with a sound knowledge of the subject, who is able to interpret and impart laboratory findings and their implications to clinical colleagues. The interpretation of laboratory data is an essential part of the professional task of the clinical chemist 1) , for which he should be trained adequately. The postgraduate study and training must meet national requirements, but in formulating the courses, consideration should be given as to how such requirements might meet those of the European Union as a whole so as not to restrict opportunities for their nationals who might wish to practise in other member states.
European Syllabus
The European Syllabus for post-graduate training in clinical chemistry affords an overview of the fields within the discipline in which the clinical chemist 1) should be able to demonstrate knowledge and experience with regard to scientific, clinical and management aspects of the subject. This is a programme for knowledge in the field, indicating the level of requirements in post-graduate training in clinical biochemistry, haematology, immunology, microbiology, parasitology, genetics and the biology of reproductive medicine.
The exact content of clinical chemistry varies considerably from country to country. Therefore, the training requirements may best be satisfied by a modular system enabling the clinical chemist 1) to adjust his or her competence to the demands of the authorities in the host country.
The syllabus is not primarily meant to be a training guide, but on the basis of the overview given, national societies should formulate programmes, indicating what knowledge and experience is needed, appropriate to the national service requirements in different countries.
The breadth of work to be found in clinical chemistry across the whole European Union gives a clear indication that an appropriate description of the field is necessary for all the disciplines.
This general basis is applicable to the whole of laboratory medicine and helps to unify the scientific and clinical principles on which it is based and demonstrates the unity of concepts underlying the diversity of practice (which is more apparent than real). Disease is due to metabolic, genetic, infectious or other disturbances of homeostasis. The study, diagnosis and therapy of disease require clinical chemistry, cell and molecular biology to identify such changes. The classical subdivisions of laboratory medicine are becoming blurred by developments in science and technology, and particularly as a result of the rapid advances in biochemical, cellular and molecular biology. It is essential that the European Syllabus for clin-ical chemistry should not only recognise its current strength, but should also provide a framework within which all member states can develop their own approaches towards this model. This should facilitate not only the mutual recognition of national syllabuses, but also the maintenance and enhancement of standards of practice.
Syllabus
This syllabus affords an overview of the fields within the discipline in which the clinical chemist 1) should be able to demonstrate knowledge and experience with regard to scientific, clinical, management and quality assurance aspects of the subject. This is a programme for knowledge in the field, indicating the level of requirements in post-graduate training in clinical biology. This syllabus is not meant to be a training guide, but on the basis of the overview given, national societies should formulate programmes indicating where knowledge and experience is needed appropriate to the national service requirements in the different countries. 
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VI. Clinical training
Training in clinical chemistry requires participation in ward rounds as a member of the clinical team and other contact with the users of the laboratory service, for example, seminars and case discussions. Study in the following areas will provide a general basic knowledge of clinical chemistry from which consultative skills can be developed. 
VII. Research and development
As laboratory medicine is continually and rapidly evolving, research and development of both the laboratory aspects and their clinical application are indispensable. The clinical chemist 1) must maintain up-to-date knowledge in all relevant diagnostic procedures. Special attention must be paid to the following:
1. Developments and improvements in methods and techniques; special emphasis on new developments in areas such as molecular biology. VIII. Laboratory management and quality assurance 1. Laboratory organisation and quality management.
• Work procedure, work load measurements, emergency laboratory, laboratory planning, selection of equipment and methods, cost-benefit analysis, costing. 2. Quality assessment.
• Statistical applications in the clinical laboratory: interpretation of statistical laboratory and population data, biological variation, establishment of reference intervals, method comparison.
• Data management: medical informatics, data processing and telecommunications, presentation and communication of results of investigation (choice of units, design and content of request and report forms). 3. Education of laboratory personnel and writing and maintaining quality procedures. 4. Basic knowledge of clinical epidemiology. 5. Laboratory safety.
• Handling of potentially infectious samples (e.g., HIV and hepatitis), handling of noxious chemicals and isotopes, mechanical and electrical safety, fire precautions, dealing with an accident. 6. Legal and ethical regulations.
• Laws, guidelines and recommendations on work in clinical laboratories: in particular, accident prevention and hygiene regulations, handling of isotopes, calibration law, quality control, education regulations, labour laws and occupational diseases.
• Ethical aspects and conventions on production, interpretation, reporting and use of medical laboratory data. 7. Medical laboratory accreditation.
A. General chemistry, covering biochemistry, endocrinology, chemical (humoral), immunology, toxicology, and therapeutic drug monitoring Basic knowledge 1. Basic knowledge in chemistry.
• Homogeneous and heterogeneous systems, distribution and absorption with regard to analytical separation methods. Study of atoms and molecules, especially with regard to stoichiometry and isotope chemical aspects.
• Knowledge of thermodynamic laws and their application in analysis and biological systems. Reaction kinetics with regard to catalysed reactions and radioactive decay. 2. Basic knowledge in biochemistry.
• Molecular structure of the body; metabolism, enzymes, metabolites, molecular biology of genetics, biological macromolecules, lipids, hormones. 
D. Genetics and IVF
Biological genetics includes cytogenetics and molecular genetics.
Cytogenetics
At the end of his training, the clinical chemist 1) must be able to appreciate the relevance of the prescription, evaluate the cohesiveness of the results, and to perform and supervise the realisation of a karyotype and an in situ hybridisation.
Karyotype:
• To know the different analysable materials and the culture requirements.
• To know the culture conditions according to the sample and indications (medium, support, culture time).
• To perform chromosomal preparations as directed.
• To master acquisition of the principal types of chromosomal bands.
• To perform high-resolution karyotypes (replication bands).
• To perform microscopic examination, display capture on analyser and karyotype classification.
• To know how to supervise and critically analyse the quality of the chromosomal preparations and the resolution level of the chromosomal bands.
• To appreciate the validity criteria of chromosomal analysis.
Molecular cytogenetics:
• To know how to perform in situ hybridisation fluorescent techniques: centromeric probe, chromosome painting probe, specific probe of a locus on metaphase or interphase.
• To acquire the necessary knowledge to perform comparative genomic hybridisation on microarrays.
• To appreciate the validity criteria of molecular cytogenetics assays. 1.3 To be able to describe the analysis strategy for the abnormalities listed below and to recognise their diagnostic, prognosis and/or therapeutic interest:
• Chromosome number abnormalities.
• Mosaicism.
• Structure abnormalities in equilibrium and disequilibrium.
• Chromosomal microrearrangement.
• Identification of a chromosomal marker.
• Identification of chromosomal variants.
• Chromosome fragility and chromosome breakage syndromes.
Molecular genetics
At the end of his training, the clinical chemist must be able to appreciate the prescription relevance, evaluate the cohesiveness of the results, perform and supervise the carrying out of, molecular genetics analysis.
Molecular genetics procedures:
• To perform the different procedures of nucleic acid extraction (genomic DNA, RNA, RNA polyAq).
• To perform the different identification methods for point mutations.
• To perform the different identification methods for genomic mutations.
• To perform the different methods of study of DNA polymorphisms (SNP, microsatellites).
• To perform the different methods of gene expression study at the RNA level.
• To acquire the necessary principles to perform and interpret DNA and cDNA microarray techniques.
• To appreciate the validity criteria for molecular genetics analysis. 2.2 To be able to describe the analysis strategy of the following pathological types and to recognise their diagnostic, prognosis and/or therapeutic interest:
• Monogenic disorders (autosomal dominant, autosomal recessive, X-linked recessive, Xlinked dominant).
• Oligo-and polygenic disorders.
• Mitochondrial disorders.
